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Introduction

43
It is well known that toxic contaminants in air, water, and agricultural produced has 44 contributed to exposure to mutagens that cause numerous health problems including cancers [1-
2.a. Primordial follicle development and transition to primary follicles in ovaries
120
Oocytes are arrested at the early diplotene phase of meiotic prophase I and enclosed in 
131
In mouse and rat models, estradiol and progesterone have been shown to inhibit 
143
The oocyte-derived FOXO3 is a major suppressor of primordial to primary follicle 144 transition [63] . When it is deleted in mice, although the initial primordial follicle pool is 
161
In addition, IGFs are considered to be critical for follicular maturation since they 162 stimulate cell proliferation and steroidogenesis in granulosa cells of various species [66, 67] 
177
A salient point to be noted regarding these processes is that the ovary is a hormone-
178
responsive tissue and contains follicles at every stage of development that are highly dynamic and
179
require temporal-and cell-specific and stage-dependent regulation of numerous genes, which 
193
The uterus consists of the endometrium, whose structure actively alters during the 194 estrous/menstrual cycle, and the myometrium that has a smooth muscle layer that sorrounds the 
276
It is well known that DES caused T-shaped uteri and clear cell adenocarcinoma of the 277 uterus, cervix, and vagina in women whose mothers were exposed to DES during pregnancy 
329
Methoxychlor is a well-studied organochlorine pesticide that is used as a replacement for DDT. It
330
is an estrogenic compound that demonstrates low-affinity binding for estrogen receptors [143] .
331
The 
363
In a more recent study, female rats were treated during fetal and neonatal development 364 (E19-PND 7) with a dose of MXC that is comparable to the dose used in the above studies (100 365 mg/kg/day) the exposed females displayed similar abnormalities in reproductive parameters as 
378
Epigenetic analyses using bisulfite-sequencing PCR and methylation-specific PCR
379
showed that MXC caused hypermethylation in multiple CpGs in two CPG islands in ESR2 380 promoter sequences while it had no effect on DNA methylation levels in the ESR1 promoter at 
477
Bisphenol A is a high-volume plasticizer whose total worldwide production exceeds 6 478 million tons per year [190] . Used in the manufacture of polycarbonate plastics and epoxy resins, 479 exposure can occur via plastic food containers (especially when heated or microwaved), food and 480 drink cans, baby bottles, and carbonless paper (reviewed in [191, 192] ). As a result, 95% of adults 481 who were tested have detectable levels of BPA in their urine [193] .
482
Infants in neonatal intensive care units have particularly high exposure to BPA,
483
presumably from its use in medical devices and from the migration of BPA into infant formula 484 from the container. It has also been found in detectable amounts in dust [193] [194] [195] [196] . Urine BPA 485 levels of women undergoing infertility treatment is negatively correlated with the number and 486 quality of eggs retrieved, and with serum E 2 levels [197, 198] . BPA has been shown to have 487 estrogenic properties and that it can be transferred both lactationally and transplacentally [190, 488 199] . BPA has a lower binding affinity to ERs than estradiol or DES [94, 200] . A major concern 489 is that the "safe" exposure limit for BPA is 50 µg/kg/day but studies with lower doses than the
490
"safe" dose demonstrated numerous detrimental defects in the female reproductive system [190] . 
529
Varayoud and colleagues showed that in an ovarectomized, neonatally BPA or DES exposed 530 mouse model, progesterone priming followed by estradiol treatment caused an impaired 531 proliferative response and altered PR and ESR1 expression in the sub-epithelial stroma of the 532 uterus suggesting that the uteri were unable to respond to ovarian steroids [211] . In addition,
533
Hoxa-10 expression was decreased even though methylation of its promoter was unaffected. 
